Background--Elderly women are at high risk of coronary heart disease (CHD) and heart failure. High-sensitivity assays allow detection of cardiac troponin I (hsTnI) well below diagnostic cutoffs for acute coronary syndrome. We investigated the association between these levels with future cardiac events in community-based ambulant white women aged over 70 years initially recruited for a 5-year randomized, controlled trial of calcium supplements.
C oronary heart disease (CHD) is the leading cause of cardiovascular deaths in the United States. 1 The prediction of cardiovascular disease risk in asymptomatic individuals remains a major challenge to clinicians. The commonly used risk calculators are derived from conventional cardiovascular disease risk factors, such as age, sex, serum lipids, or body mass index (BMI), blood pressure, diabetes mellitus, and the use antihypertensive medications, 2,3 but either do not include, or do not perform well in, the elderly. 4 Early identification and treatment of at risk elderly individuals may potentially prevent or delay the development of future clinical adverse cardiovascular disease events, and as such the study of novel biomarkers is an active area of clinical research. Atherosclerosis begins with increased permeability of the endothelium due to biochemical or inflammatory stimuli that leads to atheromatous plaques on the endothelial surface. 5, 6 As a result of reduced blood flow causing partial or complete vascular occlusion, ischemic damage to the myocardium occurs with transient release of cardiac troponins from myocytes into the circulation. Cardiac troponin measurement is an integral part of the modern diagnostic and prognostic workup for patients suspected of coronary artery disease and acute coronary syndrome. 7 Over recent years, highly sensitive assays for cardiac troponins have revealed that the majority of older individuals have detectable levels of circulating cardiac troponin I and T at levels below those used as the clinical threshold for the diagnosis of myocardial ischemia. [8] [9] [10] [11] [12] Furthermore, in apparently healthy older individuals, there is evidence of increased risk of vascular events even in those with higher circulating cardiac troponin concentrations that are still well below the diagnostic level for acute coronary syndrome. 13 In general, men develop cardiovascular disease earlier than women, leading to the misconception that women are at a lower risk of cardiovascular disease. Over the past decade, there has been a focus by clinicians, professional bodies, policy makers, and insurers to raise awareness and recognize the importance of heart disease in women as well as improving risk prediction and prevention in women. Despite elderly women being at high risk of cardiac events, there remains a considerable lack of awareness of the risk, leading to undertesting and treatment as well as poorer long-term prognosis in this group. 14 In middle-aged women, high-sensitivity cardiac troponin I (hsTnI) has been shown to be more strongly associated with myocardial infarction and heart failure (HF) outcomes than in men. 15 To expand understanding of the clinical utility of this marker to an older female population at higher risk of CHD, we examined the association between baseline circulating cardiac hsTnI and the risk of long-term cardiac hospitalizations and deaths. Furthermore, we assessed the clinical utility of measuring hsTnI in addition to the currently accepted Framingham risk factors.
Methods Ethics Statement
The Human Ethics Committee of the University of Western Australia approved the study, and written informed consents were obtained from all participants. Human ethics approval for the use of linked data for the project was provided by the Human Research Ethics Committee of the Western Australian Department of Health, project number #2009/24. Because the high-sensitivity troponin assay was undertaken 16 years after the samples were collected, participants were not informed whether high levels were detected.
Study Population
The initial study participants were recruited in 1998 to a 5-year prospective, randomized, controlled trial of oral calcium supplements to prevent osteoporotic fractures, the CAIFOS (Calcium Intake Fracture Outcome study), as described previously. 16 Because this trial commenced and completed before the advent of the clinical trials registry, the trial was retrospectively registered in the Australian New Zealand Clinical Trials Registry ACTRN12615000750583 (URL https://www.anzctr.org.au/ Trial/Registration/TrialReview.aspx?id=368778&isReview=true). At the conclusion of the CAIFOS randomized, controlled trial, women were subsequently invited to participate in 2 further 5-year follow-up studies to identify determinants of healthy aging (longitudinal study of aging women). All participants were ambulant with an expected survival beyond 5 years and were not receiving any medication (including hormone replacement therapy) known to affect bone metabolism. Baseline disease burden and medications were comparable between these participants and the general population of similar age, although these women were more likely to be from higher socioeconomic groups. 16 Of the 1500 women at baseline, 1235 had available samples for hsTnI measurement in 2013. The 265 women without samples available for assessment had similar baseline conventional cardiovascular risk factors (P>0.05) compared with those included in the study, but were, on average, 0.4 years older (P<0.05). Of those remaining, 112 individuals had a history of CHD hospitalizations from 1980 to 1998 and were excluded from further analyses. According to the manufacturer, the cutoff for the 99th percentile among healthy women for this hsTnI assay is 15.6 ng/L. There were a further 42 women whose hsTnI values were above this value (International Federation for Clinical Chemistry website: http://www. ifcc.org/media/276664/IFCC%20Troponin%20Tables%20 ug_L_DRAFT%20Update%20NOVEMBER%202014.pdf). After excluding women with a history of CHD and those above the 99th percentile there were 1081 women available for this study. Of these 1042 of 1081 (96%) had complete data for the multivariable-adjusted analyses.
Clinical Perspective
What Is New?
• In a cohort of elderly women, increasing levels of circulating cardiac troponin I well below the diagnostic level for acute coronary syndrome were strongly associated with 14.5-year coronary heart disease and heart failure hospitalizations and deaths before and after adjustment for established cardiovascular risk factors.
• These findings extend to an older age group the growing body of evidence that circulating cardiac troponin I levels below the diagnostic level for acute coronary syndrome are associated with the risk of future cardiac events.
What Are the Clinical Implications?
• Elderly women in the highest quartile of circulating cardiac troponin I (5. Biochemistry hsTnI was measured in 2013 in baseline serum from 1235 samples stored at À80°C using the Abbott ARCHITECT i2000SR STAT hsTnI assay. The assay had a 10% coefficient of variation with a level of detection of 1.9 ng/L; however, observed values below this limit (n=5; range, 1.4-1.9 ng/L) were included in the results (assay range, 0-50 000 ng/L).
Cardiac Hospitalizations and Deaths (Events)
The first episode of cardiac hospitalizations or death was identified using the linked data provided by the Western Australian Data Linkage System. The Western Australian Data Linkage System combines 7 core databases, including inpatient hospital morbidity, inpatient, and records, and includes working links with special-purpose health service and research databases dating back to as early as 1966. 18 The quality of the Western Australian Data Linkage System linkage has been rigorously assessed by comparison with clerical investigation with estimates of invalid links (false positives) and missed links (false negatives) occurring in 0.11% of records. 19 Data for all hospitalizations from baseline (1998) until 14.5 years (2013) after their baseline visit were provided by the Hospital Morbidity Data Collection whereas deaths were provided by the Mortality Register, both of which are regularly audited. 19 Therefore, if the elderly women remained in Western Australia we had complete follow-up for all hospitalizations and deaths over 14.5 years. Principal discharge diagnosis data from the Hospital Morbidity Data Collection were used to ascertain hospitalizations as the validity of these codes is higher than the additional discharge diagnoses fields 20 whereas cause of death data were retrieved from the coded death certificate or Parts 1 and 2 of the death certificate where coded cause of death data were not yet available. The validity of the diagnoses of myocardial infarction from Hospital Morbidity Data Collection, CHD death from the death registry and heart failure from the Hospital Morbidity Data Collection have been previously tested. 20, 21 Cardiac hospitalizations were defined using primary diagnosis codes from the 
Statistical Analysis
Baseline data are presented as either meanAESD, median, and interquartile range, or number and (%), where appropriate, with chi-squared tests or ANOVA to test the difference between quartiles of hsTnI, where appropriate. Distributions of hsTnI values were skewed and, as such, were transformed using the natural logarithm. hsTnI was included in separate models in 2 ways: as a continuous variable on the natural log scale and as a categorical variable in quartiles. The primary outcome was a composite outcome including cardiac hospitalization or death up to ≤14.5 years. Unadjusted and all of the variables in the Framingham risk score-adjusted linear regression were undertaken to test the association of cardiovascular risk factors with hsTnI. For the primary Cox regression analyses, we treated noncardiac deaths as censored (nonevent). This approach means that the hazard ratios (HRs) can be interpreted as the risk of cardiac event for any time during follow-up assuming that a woman stays alive for that long. Unadjusted and Framingham risk factor (age, BMI or total cholesterol and high-density lipoprotein cholesterol, systolic blood pressure, prescription of antihypertensive medications, current smoking, and diabetes mellitus) and treatment-adjusted (calcium or placebo) Cox regression analyses were undertaken to test the association of hsTnI with cardiac hospitalizations and deaths. To assess the influence of the duration of the follow-up on estimated of the association between hsTnI and cardiac outcomes, we performed further analyses restricting the follow-up to 10 years. No violations of the Cox proportional hazards assumptions were detected. The models discriminative performance were calculated using Harrell's c-statistic, 24 net reclassification, or integrated discrimination improvement 25 with conventional (Framingham) risk factors with treatment code (calcium or placebo) and with conventional risk factors with treatment code (calcium or placebo) plus hsTnI. The integrated discrimination improvement and net reclassification were calculated for logistic regression models and, as such, censored observations (noncardiac deaths) would be considered as nonevents. All continuous variables were naturally logarithmically transformed before they were entered into the models to improve discrimination and to minimize the influence of extreme observations. For net reclassification participants over the 14.5 years of follow-up, the net reclassification categories were (<15%, 15-19%, and ≥20%) for CHD events (<10%, 10-14%, and ≥15%), hard CHD events, and (<5%, 5-9%, and ≥10%) for HF events. All analyses were undertaken using IBM SPSS Statistics (Version 22; 2012; IBM Corp, Armonk, NY), Stata (version 13; StataCorp LP, College Station, TX), or SAS software (Version 9.4; SAS Institute Inc, Chicago, IL). P values of less than 0.05 in 2-tailed testing were considered statistically significant.
Results

Baseline Characteristics
An overview of the study is presented in Figure 1 and the distribution of the hsTnI results in Figure 2 , whereas baseline characteristics of participants are presented in Table 1 . The median cohort hsTnI value was 4.5 ng/L (range, 1.4-15.1).
Relationship Between Current Cardiovascular Risk Factors and Circulating hsTnI
Using multivariable-adjusted (all factors in the Framingham risk scores) linear regression analysis, all of the cardiovascular risk factors were significantly associated with baseline hsTnI ( (Table 3) . When events were separated into hospitalizations and deaths individually, similar results were observed to events for hospitalizations whereas only those in the highest quartile had an increased hazard for CHD death (Tables 3 and 4) . Similar results were observed in participants when replacing BMI with total cholesterol and high-density lipoprotein cholesterol (n=774; Table 4 ).
Improvement to Risk Prediction Over 14.5 Years of Follow-up
In use of conventional risk factors, all variables used in the Framingham risk equation plus treatment code had moderate discrimination quantified by Harrell's c-statistic for CHD (0.622), hard CHD (0.640), and heart failure (0.637) whereas the natural logarithm of hsTnI (LN-hsTnI) alone had similar 
Further Analyses
Models were then retested with 10 years of follow-up, only with similar associations observed between hsTnI for CHD and hard CHD and a stronger association with HF (Table 6 ).
To explore the extent of reverse causality bias, we excluded cardiac events that occurred within the first 2 years, which did not change the overall results (data not shown).
Discussion
We identified robust relationships between circulating cardiac troponin I measured by a high-sensitivity assay, cardiovascular risk factors, and 14.5-year cardiac hospitalizations and deaths in elderly women. This graded relationship was observed with hsTnI levels well below the 99th percentile observed in acute coronary syndromes and persisted after adjustment for Framingham risk factors and modestly improved measures of risk prediction, such as Harrell's c-statistic, as well as newer measures of discrimination, such as the net reclassification and integrated discrimination improvements. These findings add further support to the growing body of evidence in younger individuals that cardiac troponin I are specific markers of myocyte necrosis and are related to the risk of future cardiovascular events. [10] [11] [12] [26] [27] [28] In this cohort of elderly women with a mean age of 75 years, 99.6% of women had levels of cardiac troponin I above the level of detection. Although this is a higher proportion of individuals with detectable hsTnI than 2 previous cohorts studies with younger mean cohort ages (50 and 48 years, respectively), 11, 12 it is very similar to a previous report in elderly men and women from Uppsala, Sweden, aged 70 or over where 96.4% had detectable hsTnI levels and the median levels increased by 45% over 5 years. 10 Indeed, Neumann et al 12 found that using a super sensitive assay identified a further 12% of individuals with evidence of myocardial necrosis below the threshold of the highsensitivity assay. Taken together, studies suggest that, with increasing age, there are progressive pathological ischemic insults to the myocardium leading to increased proportions of individuals with detectable levels of cardiac troponins.
There have been a number of studies that have found that despite men having higher hsTnI than women, hsTnI is more strongly related to cardiovascular outcomes in women. 11, 15, 28 In this study, we found women's baseline global cardiovascular risk profiles were strongly related to circulating hsTnI, and per SD increase in natural log transformed hsTnI, there was a 34% to 64% increase in the hazard for cardiac events after adjustment for Framingham risk factors. These findings are very similar to the HUNT (Nord-Trøndelag Health Study) study of middle-aged women where hsTnI was more strongly associated with myocardial infarction and HF in women than men with an adjusted HR of 1.50 for myocardial infarction and an HR of 1.69 for HF. 15 Similarly, in the study by Zeller et al, 11 in middle-aged men and women per SD increase in hsTnI were associated with an adjusted HR for coronary death of 1.51 in women and 1.35 in men. Taken together, these findings suggest that hsTnI may be a better biomarker of cardiovascular risk in women than in men.
In this cohort, we observed a positive relationship between hsTnI and long-term cardiac events. When stratified into quartiles, there was a graded association with step-wise increases in the hazard with increasing hsTnI with individuals in the highest quartile having HRs of between 2.4-and 3.7-fold higher than those in the lowest quartile independent of Framingham risk factors. Interestingly, we observed a stronger associations between hsTnI and HF than CHD outcomes, which is consistent with the published literature in middle-aged men and women 15 and studies of high sensitivity cardiac troponin T (hsTnT). 29 Elevated levels of TnI or TnT are commonly observed in patients with both acute and chronic HF, 30 whereas a meta-analysis found levels of both cardiac troponins predict prognosis in patients with chronic stable HF. 31 A recent study found hsTnI predicted HF events independent of cardiac structural abnormalities assessed by echocardiography, 32 suggesting that cardiac troponins capture additional prognostic information for HF risk by an as yet unidentified mechanism. Model performance using conventional risk factors alone was moderate (0.6-0.8), and the addition of hsTnI to conventional cardiovascular risk models only led to modest improvements to discrimination, presumably attributed to the strong relationship between the current risk factors with circulating hsTnI levels. These improvements observed in elderly women to Harrell's c-statistic for CHD and HF were greater than the significant improvement observed for measures of discrimination in younger individuals with the addition of hsTnT for coronary events 33 and hsTnI in younger women for cardiovascular events. 11 In addition, we observed significant improvements to newer measures of discrimination, such as the net reclassification and integrated discrimination improvements. The addition of hsTnI moved women with events up in risk correctly and also moved women who did not have events down correctly. For HF and hard CHD, the greatest net reclassification improvements were moving women who did not suffer an event correctly down in risk, suggesting that measuring hsTnI may be useful for screening out individuals with low risk of these events. However, it should be noted that their use for risk prediction remains controversial. 34 However, given that all these methods were significantly improved with the addition of hsTnI, this study adds to the growing body of evidence that low levels of cardiac troponin are likely to be associated with poorer longterm outcomes. This suggests that testing cardiac troponins, even at low levels, may be considered a promising candidate for improving cardiac disease risk prediction in elderly women. Figure 4 . Kaplan-Meier disease-free survival estimates for coronary heart disease (A), hard coronary heart disease (myocardial infarction or coronary heart disease death-B) and heart failure (C). Vertical gray lines indicate censoring for noncardiac death. All P<0.001 by logrank test. hsTnI indicates high-sensitivity cardiac troponin I. Cox regression models were adjusted for Framingham risk factors with lipids plus treatment code. CHD indicates coronary heart disease; HR, hazard ratio; hsTnI, high-sensitivity cardiac troponin I. *Hard CHD is defined as myocardial infarction hospitalization or coronary heart disease death.
Although our findings are consistent with previous studies, the reported improvements to Harrell's c-statistic for both CHD (+0.023-0.041) and HF (+0.06) were larger than those observed in middle-aged cohorts 11 or for hsTnT and HF. 29 There are a number of potential explanations for these findings; first, we focused on cardiac events as the putative pathological mechanism and excluded women with a history of hospitalizations for these events over a long look-back period of 18 years. Second, most women were older than 74 years, which is the upper limit of the Framingham risk scores and these risk scores do not discriminate cardiovascular risk well in this population. Third, it is likely that a large proportion of these women had asymptomatic advanced coronary artery disease at baseline with events captured over a very long follow-up, potentially leading to differences attributed to spectrum bias or "spectrum effect." 35 Additionally, we excluding women above the 99th percentile who may have had elevated cardiac troponin I attributed to causes not related to coronary artery disease, such as chronic kidney disease, that are often observed in the elderly. 13 As such, these findings may not be generalizable to men, younger women, and people of other ethnicities. There are, however, a number of important limitations of this study that must be considered; these include the observational nature of the study, meaning that causality cannot be established; the lack of repeated measures of hsTnI and missing assessment of hsTnI in 18% of women in the original cohort of 1500 and lipids in 28% of the elderly women with hsTnI, meaning that the possibility of introducing bias cannot be excluded. Furthermore, because we only measured hsTnI and not hsTnT, we cannot compare findings reported in this study to studies measuring hsTnT. Finally, because the data linkage only records hospitalizations and deaths that occur within Western Australia, a small proportion of women may have migrated out of the state; however, this is unlikely to have substantially affected the findings given the age of the women. The strengths of this study include the assessment of a high-sensitivity assay to measure circulating cardiac troponin I in a large cohort of elderly women. Additionally, the complete and accurate data collection on long-term clinical outcomes over a 14.5-year period independent of selfreport, removing the possibility of recall or retention bias, is a strength of this study. Finally, the cohort collected extensive and accurate information regarding medication history and known cardiovascular risk factors.
In conclusion, our findings suggest that cardiac troponin I is associated with conventional risk factors in elderly women, with the majority of these women having detectable levels using this high-sensitivity assay. These levels predicted future CHD and HF hospitalizations and deaths. The incorporation of cardiac troponin I into current risk prediction models may modestly improve risk prediction in elderly women.
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